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(54) Canying device and carrying method 

(57) There are provided canning device (62) and 
method capable of high-speed pick-up and travelling 
operation of a cannier. The carrier (62) is provided with a 
holder bracket (110) movable back and forth, in whfch 
daw members (112,114) for grasping a material (54) 
are heW. and a driver mechanism (120) for stroking g 
the holder bracket (1 10) and a driver mechanism (132) 
for opening and ctosing the claw members (112,114) 
are attached to the carrier body (110). A movable por- 
tk)n (110) In the carrier (62) can be made lighter In 
weight An electric wiring cord to be connected to the 
rrovable portion can be eliminated or made thin and 
light enough. This allows the can-ier (62) to move at a 
high speed. The carrier (62) is heW at the intersection of 


a pair of crossing moving bars (58,60) and moved to a 
target position by moving both the moving bars (58,60). 
rsk) motor (68.70) needs to be provided in the can-ier 
(62) for driving the carrier (62), so that the movable por- 
tk)n (110) moving together with the carrier (62) can be 
made lighter in weight, thereby speeding up the move- 
ment of the carrier (62). The excftange of control signals 
(210,212) between the carrier (62) and can-ying control- 
ler (12) is made by serial communicatfon. preferably, 
wireless or optical communication. Also provided is a 
control nrteihod (400,406) for stopping the canying oper- 
atton by delecting a material (54) which projects from 
the shelves (52). 

FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

Held of the Invention 5 

The present invention relates to a carrying device 
and a carrying method by which a target material or an 
item, such as a microfilm cartridge, is pulled or taken 
out from one of storage shelves, carried to a target posi- 10 
tion or station and earned back from the original or other 
position to the sheH. The present Invention also relates 
to a control method for the carrying device. 


Related Art 


15 


There are microfilm cartridge exchange devices in 
the art designed to selectively carry a target cartridge 
from one of shelves to a scanner, the shelves storing a 
large number of microfilm cartridges, so that the scan- 20 
ner can read a target image or images recorded on the 
microfilm In tfie target cartridge. 

For example, one of such devices stores cartridges 
in the storage rack having a vertical flat or cylindrical 
shape so that the cartridge can be slid in and out from 25 
the front or outer face of the shelves of the storage rack 
and a carrying portion or a cartridge carrier moves in 
front of the shelves. The carrier nx>ves to the front of a 
target cartridge to be put in the carrier. The carrier then 
carries or delivers tiie cartridge to arwther target posi- 30 
tion, e.g., to a scanner for retrieving and reading an 
image or images, so that the scanner executes prede- 
termined processings such as retrieval and reading of 
the image. After the image or images recorded on the 
microfilm in the cartridge are processed, the earner take 35 
out the read or processed cartridge from ttie scanner 
arxl return it to the original position in the shelves. 

In this case, the carrier is provided with pick-up 
means for sliding or taking cartridges In and out. The 
pick-ip means has claw or pawl members for grasping 40 
the cartridge which moves back and forth to the 
shelves. In the pnk-up operatkxi. the daw members 
moves forward from the carrier to one of the shelves or 
the scanner to hold a cartridge therebetween so that the 
cartrklge within the shelf or the scanner can t>e put in 4S 
the carrier. The daw members are also operative to 
send off ttie cartridge to ttie shetf or the scanner by 
pushing out ttie cartridge while hoWing it between the 
daws. 

The daw members are held by a hoWer bracket, to so 
which a driver mechanism (i.e.. daw opening/dosing 
drive means) such as a motor or solenoid is attached for 
opening and dosing the daw members. The daw open- 
ing/dosing drive mear)s is configured to rrwve unrtarily 
witti the hoWer bracket as the daw members moves S5 
back and forth. 

In the conventional devices, since the daw open- 
ing/dosing drive means moves back and fortti togettier 
witti ttie daw members, ttie movable portion increases 


in weight and it is ttierelore difficult to speed up ttie 
nrwvement Further, the claw opening/dosing drive 
means is generally constituted with an electric nxrtor or 
an electromagnetic plunger. This requires electric wiring 
for contrdling the daw opening/closing drive means to 
move as the daw members move because the daw 
opening/dosing drive means is mounted on tfie mova- 
ble portion. For this reason, a wiring cord or cords must 
be tonger to increase ttie possibility of broken wire, 
resulting in obstruction to high-speed movement of ttie 
daw memt>ers. 

Furthernrx>re, the use of the shelves each having 
vertical flat shape causes other problems. In ttiis case, 
the carrier needs to be moved in front of the shelves. In 
the conventional, the carrier is movaWy nrx)unted on a 
horizontal or vertical bar movable In a direction perpen- 
dicular to ttie lengtti side, and it Is moved by a motor 
provided on ttie moving bar. For example. Unexamined 
Japanese Patent Publication (KOKAQ hto. 38749/1992 
disdoses a mechanism in which a horizontal bar is 
moved vertically due to driving power of a moving4)ar 
driving motor, and ttie canrier is moved horizontally by a 
motor provided on the horizontal bar. 

Such a conventional device is required to mount ttie 
motor on the horizontal bar for moving ttie earner hori- 
zontally over ttie moving bar. so ttiat ttie movable por- 
tion Inte^lly formed with ttie moving bar inaeases in 
weight. It is ttierefore needed to use a large and power- 
ful motor for nx)ving the horizontal bar up and dbwn. 
Further, since the weigfit of the movable portion 
increases, the inertia exerted to move the earner to a 
target position increases. This also causes ttie carrier to 
take longer time {access time) to reach ttie target posi- 
tion. 

Furthermore, the carrier is provkied with the pkd«- 
up means for taking materials (cartridges) In and out. 
and ttiis requires a power source for ttie pick-up means 
and wiring for supplying operation control signals. For 
example, the pick-up means indudes an electric nxrtor 
which moves the daw members back arxi forth to a car- 
tridge, an electromagnetic sdenokJ which is used for 
opening or dosing ttie daw members so ttiat ttie car- 
trklge can be grasped or renfK>ved from the daw mem- 
bers, and several types of sensors for detecting 
information such as the position of the daw menri>ers 
and whether there is a cartridge between the daws. 

For ttiis reason, the carrier needs to bQ connected 
to an electric power wire for ttie pk:k-up means and to 
control signal lines. Since the power wire is heavier than 
ttie control signal lines and the number of contrd signal 
lines increases, the whde wiring becomes weighty and 
ttierefore still another problem arises that an inaeased 
toad is applied to ttie carrier at ttie moving time, 

Particulariy, since ttie carrier nrwves two-dimensfon- 
ally in the X and Y directions along ttie vertical plane 
facing the front area of the storing shelves, the move- 
ment of the distributing wires tor ttie carrier is made 
more complicated and complex as the movement of the 
can-ier is accelerated. It is ttierefore diff touft to move ttie 
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wiring smoothly due to an increased weight. This also 
causes obstruction to high-speed movement of the car- 
rier. 

When a cartridge or cartridges are not put in place, 
e.g.. when one or some of cartridges project from the s 
shelves of the storage rack due to vibration on the 
shelves, if the carrier moves In front of the shelves, it will 
contact and be interfered with the projecting cartridge. 

Although it is desirable to move the earner at a high 
speed in terms of higfi-speed retrieval, the high-speed 10 
movement of the carrier inaeases the inpact when the 
carrier strikes the projecting cartridge, and this may 
damage the carrier or the cartridge. It is therefore nec- 
essary to move the carrier at a speed adequate not to 
damage or ruin at all the cartridges even if the carrier is 
strikes the projecting cartridge. 

OBJECTS AND SUMMARY OF THE INVEMTION 

The present invention has been accomplished 20 
under the circumstances as aforementioned and \s 
directed to improvements of a carrying device, a carry- 
ing method and a control method for the canying 
device, capable of high-speed operation and movement 
of a earner for sliding materials in and out from storing 25 
shelves, capable of speeding up operation for retrieving 
and picking up a target material from one of the shelves, 
and capable of high-speed carrying of the material to a 
target position. 

Specifically, a first object off the present invention is 30 
to provide a carrying device which can reduce the 
weightof a nxivable portion to be moved back and forth 
within a carrier together with daw or grasping merTi>ers, 
and keep a power-supply wiring cord for daw open- 
ing/dosing drive means as short as possible to avoid 35 
any possi)ility of broken wire to the cord, thereby 
achieving high-speed movement of the daw members. 

A second object of the present invention \s to pro- 
vide a canning method which can reduce the weight of 
the movable portion and achieve less or no electric wir- 40 
ing of the carrier to speed up the movennent thereof, 
thereby shortening access time to the target position. 

A third object of the present invention is to provide 
a canrying device directly used for carrying out the 
above method. 45 

A fourth object of the present invention is to provide 
a contrd method for a canning device whk:h allows the 
carrier to move at a high speed by preventing the carrier 
from colliding with one of materials such as cartridges 
at a high speed to avoid any damage to both the carrier so 
arxJ the material. 

The first ot)jed of the present invention is attained 
by the provision of a canying device having a carrier 
which pulls out and carries a targrt material from one of 
shelves to a target position, the shelves storing a plural- 55 
ity of materials, and which canies back the target nate- 
rial from the targ^ position to the shelf, said carrier 
comprising: 


(a) a guide rod fixed to a casing of said carrier in 
parallel to a direction to slide said target material in 
and out; 

(b) pick-up means induding, 

(1) a holder bracket slidably held by said guide 
rod, 

(2) a gripper having daw members for grasping 
the target material by opening and dosing the 
daw members, said gripper means being held 
by said hokJer bracket, and 

(3) a push member one end of which is held by 
said holder bracket, said push nriember being 
movable to push said gripper so tiiat said daw 
members can be opened to engage the target 
material or dosed to renwve the target mate- 
rial: 

(c) a rail member provided in the casing of said car- 
rier in parallel to said guide rod and horizontally 
movable in a direction nonparallel to that of said 
guide rod, on which one end of said push member 
is slid and pushed to open or dose said daw mem- 
bers as the rail member moves; 

(d) stroke driving means attached to the casing of 
said carrier for nrxTving said hdder bracket over said 
guide rod; and 

(e) daw opening/dosing drive means attached to 
the casing of said carrier for moving said rail mem- 
ber horizontally in a direction nonparallel to that of 
said guide rod to open or dose said claw members. 

According to the present invention, the driver mech- 
anism for nrKSving arxl driving the pick-up means is pro- 
vided on the body side of the carrier on the purpose of 
redudng the weight of the pick-up means itself, i.e., the 
nmab\e portion within the can-ier. which accesses the 
material to slide it in and out 

Several types of materials or items can be carried, 
such as a microfilm cartridge or cassette, a videotape 
cassette, a video disK a compact disk, and a magtape 
cartridge. 

The stroke driving means can be configured to cou- 
ple the holder bracket to an endless belt str^ed in 
parallel to the guide rod and one pulley of the endless 
belt can k>e rotated by an electric motor. The endless 
belt may be replaced by a wire. Further, the gukJe rod 
can be provided in the upper portion witiiin the casing off 
the can-ier, with the upper end of the holder bracket held 
slidably on the guide rod and the lower end engagedly 
put in a guide groove provided on the bottom of a mate- 
rial compartnnent within the carrier. 

The compartment may be provided two or nwe to 
constitute a buffer station. For example, a buffer having 
a plurality of conrpartments is provided for storing a plu- 
rality off materials, the compartments arranged in paral- 
lel in a direction to intersect perpendrcularly to the 
direction to slide the materials in and out so that the 
compartments can be nrxwed or shifted in the arranged 
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direction. The buffer can be switched or shifted in the 
condrtion that the holder bracket exits the compartment 
In this case, a guide groove Is formed on the bottom of 
each compartment of the buffer so that lateral swing of 
the holder bracket can be restricted by inserting the 5 
lower end of ttie holder bracket into the guide groove 
when the holder bracket moves in and out from the com- 
partment. 

The second object of the present invention is 
attained by the provision of a carrying method of sliding 10 
a target material in and out from one of shelves which 
stores a plurality of materials arranged on a plane, 
wherein: a carrier Is hekJ near the intersection of a pair 
of moving bars movable in cfirections, respectively, par- 
allel to said plane, so that said carrier is movable along 15 
the nx)ving bars in respective directions parallel to both 
nwving bars to a target position by nrxjnitoring each 
moving anrKXjnt of the vnoAng bars; and pick-up means 
is provided in said earner for sliding saki materials in 
and out, with control signals for the pick-up means 20 
transmitted by serial communication. 

The power for the pick-up means can be supplied 
from the nfX3ving bars through contacts or metallic roll- 
ers. The power source may be a battery built in the car- 
rier. The serial communication may be earned out with a 25 
wired system, a wireless system using an AM a FM 
wave, a an optical communicatk>n system using beams 
of infrared light. 

The third object of the present invention ts attained 
by the prcvisbn of a carrying device for sliding a target 30 
material in and out from one of shelves whrch stores a 
plurality of materials arranged on a plane, comprising: 

(a) a pair of moving bars nonparallel to each other 
and movable in directions, respectively, in parallel as 
to sakJ plane, with maintaining constant angles to 
each other; 

(b) bar driving means for rmAng both the nrKiving 
bars; 

(c) a carrier positioned near the intersectbn of both 40 
nrxsving bars and nrxivable along the nrKiving bars in 
respective directk>ns parallel to both vmnng bars; 

(d) pick-up means provided in saki carrier for sikfing 
saki materials in and out; and 

(e) a controller provided separately from saki car- 45 
rier and for producing an instruction to allow saki 
carrier to rrme to a target position while monitoring 
each moving anxxint of the nxsving bars, said con- 
troller exchanging control signal with saki carrier 
using serial communk;atk>n, the control signals so 
instructing saki pick-up means to sikie said materi- 
als in and out 

The fourth object of the present invention is 
attained by the provision of a control method for a carry- ss 
ing devk^e having a carrier which moves closely and 
opposite to shelves to slkie a target material in and out 
from the shelves, the shelves storing a plurality of mate- 
rials arranged in a vertrcal plane, wherein, before cann- 


ing operation of carrying the materials, it is conf imned 
that no material projects from the shelves, and if all the 
materials is not stored correctly in the shelves, a warn- 
ing is given to discontirue the canying operation. 

The carrier can be moved at a low speed to detect 
the projecting or protruding material when an increased 
load on the carrier is detected due to the contact of the 
carrier with the material. For example, load current of 
the motor for nrx3ving the carrier can be nwnitaed to 
detect the increase in load when the current rapkily 
increases. 

A light beam may be also used to detect the project- 
ing material. For exanrple. a flat reflector is provkied 
along one side of the storage rack containing the storing 
shelves, while a light-emitting element and a sensor are 
provided on the can-ier. In such an arrangement, the 
carrier is moved along the opposite skie of the shelves 
to emit the light beam from the light-emitting element. 
The light beam emitted from the carrier end is reflected 
by the reflector and the reflected light beam is detected 
by the sensor on the carrier. 

BRIEF DESCRIPTION OF THE DRAWINri.Q 

The above and other objects and advantages and 
further description will now be discussed in connectk>n 
with the drawings, in whk;h: 

Rg. 1 is a schennatic diagram showing a miaof ilm 
cartridge carryirtg system (cartridge storing and 
retrieving system) presently in use, whkrfi applies 
carrying device and method according to an 
embodiment of the present invention; 
Rg. 2 is a bk)ck diagram showing a general struc- 
ture of the cartridge storing and retrieving system in 
Rg.i; 

Rg. 3 is a plan view of a carrier used in the carrying 
system in Rg. 1; 

Rg. 4 is a front view of the canier in Rg. 3; 

Rg. 5 is a right side view of the carrier in Rg. 3; 

Rg. 6 is a perspective view illustrating an arrange- 

nnent of guide rollers for guiding the carrier; 

Rg. 7 is a front view showir^ an exemplary 

arrangement of the gukie rollers for keeping the 

carrier stable to moving t>ars; 

Rg. 8 is a front view showing another exemplary 

arrangement of the gukie rollers for keeping the 

carrier stable to the moving t>ars; 

Rg. 9feari^ skie view showing prck-up means of 

the carrier; 

Rg. 10 is a plan view of the pick-ifl> means in Fig. 9; 
Rg. 1 1 is an exploded perspective view of the pick- 
le means in Rg. 9; 

Rg. 12 is an exploded perspective view showing 
buffer switching means provkied within the carrier; 
Rg. 13 ^ a plan view explaining operation of the 
buffer awitching means, in which the buffer is 
shifted to the right hand; 

Rg. 14 is a plan view explaining operation of the 
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buffer switching means, in which the buffer is 
shifted to the left hand; 

Fig. 15 is a schematic diagram explaining an exam- 
ple of wired serial communication between the car- 
rier 62 and a controller MCU provided in a scanner s 
16; 

Fig. 16 is a schematic diagram explaining an exam- 
ple of optical serial communication between the 
carrier and the carrying controller MCU in the scan- 
ner; 10 
Fig. 17 is a block diagram showing an exemplary 
configuration of a control circuit in the carrier; 
Fig. 18 is a flowchart explaining operation of the 
cartridge carrying device; 

Fig. 19 is a perspective view showing a push plate is 
attached to the front of the canrier for pushing back 
a cartridge into a shelf; and 
Fig. 20 is a front view showing storing shelves of a 
carrying device according to ether embodiment of 
the present invention. 20 

DETAILED DESCRiPTIQN OF THE PREFERRED 
EMBODIMENTS 

General Structure of Carrvino Svstem 2s 

Referring to Rgs. 1 and 2. a reference numeral 10 
denotes a host computer constituted with a personal 
computer or a work station. A k^ board 12andaprinter 
14 are connected to the host computer 10. A reference 30 
numeral 16 is a scanner for reeving a target frame 
recorded on a microfilm and reading (scanning) an 
image in the target frame. The scanner 16 is placed 
inside a MIS (Miaofim Install Unit) 24. which is 
descril>ed in detail hereinafter. 35 

The scanner 16 is then connected to the host com- 
puter 10 through a bus (BUS) 18 in accordance with a 
SCSI standard. That is, the connection between the 
host coirputer 10 and scanner 16 is establ^ed by a 
SCSI interlace. The scanner 16 includes a microfilm 40 
control unit (hereinafter, simply r^en-ed as MCU) 20 
and a roll4ilm retrieval unit (hereinafter, also referred as 
RRU) 22. 

The MCU 20 is provided with a microcomputer Ibr 
controlling retrieval operation of the RRU 22 as well as 4S 
for reading an image in a retrieved frame while moving 
a line s^isor and staing image data of the read image 
in a memory 20A such as DRAM. The RRU 22 retrieves 
a desired frame while feeding a roll of mtcrof ilm. 

The microfilm install unit (MIS) 24 stores a large so 
nurTt>er of rrucrofflm cartridges and selects a desired 
cartridge to load the RRU 22 of the scanner 16. The 
MIS 24 ts controlled by the MCU 20. When the MCU 20 
has specified a cartridge containing a target frame to be 
retrieved, if the cartridge is not being loaded into the 55 
RRU 22, the MCU 20 will actuate the MIS 24 to replace 
a cartridge currentiy loaded by the cartridge containing 
the targrt frame. The MCU 20 corresponds to a carrying 
controller according to ttie present invention. 


Structure of Shelves 

The MIS 24 has a rectangle case 50. and cartridge 
shelves 52 each having a vertical and flat shape config- 
uration similar to a bookshelf are provided inside tiie 
case 50 for storing a large number of cartridges 54, so 
tiiat a desired cartridge can be slid in and out from the 
front of a corresponding shelf 52. On the front face of 
the case 50, guide rails 56 (56a. 56b, 56c and 56d) are 
fixed along the four sides, where a horizontal nrx>ving 
bar 58 is guided along the opposite two guide rails 56a, 
56c to iTX)ve up and down, whereas a vertical moving 
bar 60 is guided akxig the opposite two guide rails 56b. 
56d to move sideways. 

These horizontal and vertical moving bars 58. 60 
have a cross section of a shape like a letter "H", and 
rrxjve in vertical and lateral directions, respectively, witti 
maintaining right angles to each other. A cartridge car- 
rier 62 is sikiably attached to the bars 58. 60 at the inter- 
section of the two bars 58. 60. The horizorrtal nDOving 
bar 58 is fixed to a belt 64 tightiy wound around a pair of 
pulleys located near the both ends of the guide rail 56a. 
whereas the vertical moving bar 60 is fixed to a belt 66 
tightiy wound around a pair of pulleys located near the 
both ends of ttie guide rail 56d. The belts 64. 66 are 
moved and positioned by motors 68. 70, respectively, 
each motor 68. 70 coupled to a corresponding pulley 

The carrier 62 is heki near the intersection of the 
bars by nine guide rollers 72 to 78 as shown in Figs. 3 to 
6. As best seen in Figs. 4 and 6, it wouki l>e apparent 
that the carrier 62 is placed on a plane consisting of the 
bars 58, 60 by rotating the two gukJe rollers 72 (72a. 
72b) atong the horizontal nwving bar 58, and rotating 
ttie two guide roller 74 (74a, 74b) along ttie vertical 
nrxiving bar 60. 

As shown in Rgs. 7 arxl 8, these gukJe rollers 72. 
74 change their respective contacting skjes on which 
the rollers b-avel. to restrict one-way rotation of the car- 
rier 62. In ttie case of Fig. 7, the guide rollers 72a, 72b 
rotate touching the moving bar 58 to restrk:t the clock- 
wise rotation of the carrier 62 (in the direction of the 
arrow A), whereas ttie guide rollers 74a, 74b rotate 
touching the nxiving bar 60 to restrict the counter-clock- 
wise rotation of ttie carrier 62 (in ttie direction of ttie 
anrowB). 

In Fig. 7. represents a straight line passing ttie 
centers of ttie gukje rollers 72a, 72b, L2 is a straight line 
passing the centers of ttie guide rollers 74a, 74b, and P 
is an intersecting point of the straight lines . L2. Since 
both the gukie roller pairs 72, 74 are held by tiie carrier 
62 and it is considered that the gukie roller pairs 72, 74 
are not relatively moved, the clockwise rotation of ttie 
can-ier 62 (in ttie direction of ttie arrow A in Rg. 7) is 
restricted by ttie guide roller pair 72, whereas ttie coun- 
ter-clockwise rotation of ttie carrier 62 (in the direction of 
arrow B in Rg. 7) is restricted by ttie guide roller pair 74. 
Accordingly, ttie canrier 62 is correctty put in position to 
ttie moving bars 58, 60 wittiout idle motion at any time 
when ttie moving bars 58, 60 move wrtti maintaining 
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right angles to each other. 

Rg. 8 shows another case In which each pair of the 
guide rollers 72, 74 is arranged to restrict the rotation of 
the carrier 62 in the direction opposite to the case of Rg. 
7. Accordingly, the carrier 62 can be positioned correctly s 
near the intersection of the moving bars 58. 60 without 
Idle motion, as similar to the case of Rg. 7. 

On the other hand, back and forth movement of the 
carrier 62, I.e.. the movement of the carrier 62 across 
the plane consisting of the moving bars 58. 60 Is io 
restricted by guide rollers 76 (76a, 76b). which hold the 
horizontal moving bar 58 from the back and forth, and 
three guide rollers 78 (78a, 78b and 78c) which hold the 
vertical moving bar 60 from the back and forth. 

Typical methods of hokJing the cannier 62 in place is 
near the intersection of the moving bars 58, 60 need at 
least six gukie rollers for each moving bar 58. 60 so that 
the carrier 62 can not be tilted, with respect to each of 
the nrxjving bars 58. 60, on both planes, one consisting 
of the moving bars 58. 60 and the other being perpen- 20 
dicular to the plane. Specifically, two pairs of three guide 
rollers must be arranged for each moving bar 58. 60. 
Three rollers are an^anged along one nrx>ving bar and In 
the plane consisting of the crossing two moving t>ars. 
Another tree rollers are arranged along the one moving 25 
bar and in the vertical direction witti respect to the plane 
consisting of the crossing two moving bars. As a result 
the nwving bars 58. 60 need twelve(12) gukie rollers in 
total. 

In contrast, the nrx)ving bars 58, 60 in the enrixxli- 30 
menl are engaged with the gukie roller pairs 72. 74, 
respectively, taking advantage of the relationship 
between the nwving bars 58, 60 whkrfi always Intersect 
perpendteularly each other. It is therefore possWe to 
largely reduce the number of gukie rollers. In the 35 
embodiment, only tfie ntne(9) gukie rollers is required. 

The horizontal and vertical moving bars 58. 60 are 
nxsved by the motors 68, 70 indivkiually, and each mov- 
ing amount of the moving bars 58. 60 is monitored by 
the carrying controller or MCU 20. This makes it possi- 40 
ble to nrwve the carrier 62 to a proper position. The car- 
tridge shelves 52 and tiie scanner 16 are located within 
a rTX>vable range of the carrier 62. In the embocGment 
the scanner 16 Is placed in the right corner of the bwer 
portion within the movable range of the canier 62. 45 

Prior to the carrying a target cartrkige, the MCU 20 
sends a command to the carrier 62 to detennine 
whether there is a cartridge or cartrkiges 54 projecting 
from the storing shelves 52, the details being descrbed 
later. That is, the carrier 62 confirms, before operation of so 
carrying a cartridge 54, that no cartridge 54 projects. 

The carrier 62 tiien picks 14) a desired cartrkige 54 
from a corresponding shelf 52. carries it to the scanner 
16 and insert it into a cartrkige loading port 16a. After 
the retrieval operation, the canrier 62 receives the car- ss 
trkJge 54 from the scanner 16 and returns it to the origi- 
nal or predetemnined storing position in the shelves 52. 
During the carrying operation, the carrier 62 travels at a 
high speed. 


On the other hand, the scanner 16 retrieves and 
reads an image or images recorded on the microfilm In 
the cartrkige 54. The image read by the scanner 16 is 
stored in the menwy 20A, and the Image data is sent to 
the host computer 10. The host computer 10 processes 
the image data in a predetermined image processing 
and st|)plies the processed image data to the printer 
14. Alternatively, the Image data may be stored in other 
menrory (not shown) such as a magneto-optk»l disk or 
output to other extemal equipment. 

Structure of Carrier 

The carrier 62 will be described below with refer- 
ence to Rgs. 9 through 14, The carrier 62 includes one 
pick-up means or mechanism 100. a buffer 102 and a 
guide rod 104. The guide rod 104 is fixed in the upper 
portfon within tfie casing of the carrier 62 horizontally in 
the back and forth direction, i.e., the direction to sikle a 
cartrkige 54 in and out from the storing shelves 52. The 
pk:k-up means 100 irwiudes: two linear bearings 106, 
106 siklabty attached to tiie gukie rod 104; a hokler 
bracket 1 10 with the upp&f end fixed to the linear bear- 
ings 106. 106 and tiie kTwer end slklaUy engaged with 
one of grooves 108 of the buffer 102, described later; 
and claw or pawl members 112, 114 attached to the 
holder bracket 1 10. The daw members 1 12. 114 consti- 
tutes a grpper 111 for grasping the cartrkige 54 by 
opening and closing the daw members 1 12,1 14. 

On tiie lower skle of the guide rod 104, an encOess 
belt 120 wound around a pair of pulleys 116, 118 
extends in parallel to the gukie rod 1 04. One pulley 1 16 
Is rotated In both dlrectk)ns by a gad nrxrtor 122 with a 
reduction gear therein. The hokler bracket 1 10 Is then 
fixed with the bell 120 between the pulleys 116. 118. 
When the motor 122 drives the belt 120 to run in any 
direction, the hokler bracket 110 is gukied by the belt 
120 along the gukie rod 104 to move back and forth. 
Alternatively, a wire may be used instead of the belt 120. 
In the errtxxliment, the gad motor 122 and tiie belt 120 
constitute stroke driving means according to the inven- 
tion. 

The daw members 112. 114 of ttie gripper 111 
have an Uike shape, respectively, witti the center por- 
tions movaWy fixed by pins 124, 126 to the hokler 
bracket 1 10 and one ends coupled to and engaged witti 
each other through a pin 128 to move in opposite direc- 
tions, respectively The other ends of the daw merTt)ers 
1 12. 1 14 are shaped into a daw form which are engage- 
aWe respectively with related concave or recess por- 
tions 54a and 54b on the end face of ttie cartridge 54. 

One claw member 114 has an arm 130 whrch 
projects to ttie skle opposite to tiie claw 1 14 and turns 
or moves radially on tiie pivot pin 126 so that the daws 
of ttie daw members 1 12. 114 can open or dose verti- 
cally. The fK)kler bracket 1 10 also hoWs a push plate 
132 movable up and down, and the lower end of ttie 
push plate 132 is coupled to ttie arm 130. The push 
plate 132 is enforced tiy a spring (not shown) to retum 
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upwardly to the original position, and therefore the claw 
mennbers 112, 114 are enforced to be opened. Above 
the upper end of the push plate 132, an angle member 
134 with an L-shaped cross section is disposed in par- 
allel to the guide rod 1 04. The angle member 1 34 con-e- 5 
spends to a rail member according to the present 
inventfon. 

As shown in Rg. 11. the angle member 134 has 
slant grooves 138. 138 parallel to each other and 
engaged with at least two pins 1 38. 1 36 fixed to the cas- 10 
Ing of the carrier 62. The angle nrrember 134 is forced by 
springs 1 40 on the right hand in Rg. 1 1 , the springs 1 40 
connected to the fixed pins 136. respectively. The pins 
136 guide the grooves 138, 138 and push the angle 
mennber 134 diagonally or obliquely toward the \xpQer is 
side, so that the angle member 1 34 returns to the origi- 
nal position. On the other harxl, an electromagnetic 
solenoid 142 pulls the angle member 134 in the oppo- 
site direction. At this time, the pins 136 guide the slant 
grooves 1 38 to mcve the ar^gle member 1 34 diagonally 20 
to the lower side. The electromagnetic solenoid 1 42 cor- 
responds to claw opening/dosing drive mear^ accord- 
ing to the present invention. Altemativety. other power 
means such as an air cylinder may be used instead of 
the electromagnetic soleruxd. 2s 

As discussed above, the angle member 134 is con- 
figured to move diagonally ip and down. Then, rollers 
are attached to the upper end of the push plate 132. 
which rotate touching the horizontal lower tace of the 
angle member 134. When the angle member 134 30 
retums diagonally to the upper position, the push plate 
132 rises by means of a spring, not shown, to open the 
daws of the claw members 112, 114. in^espective of 
location of the holder bracket 110 which lies within the 
range of the guide rod 104. When the angle merrber 3S 
134 is pulled due to excitation of the electromagnetic 
solenoid 142. the angle member 134 moves diagonally 
to the lower position, and therefore the push plate 132 is 
pushed down to dose the daws of the daw members 
112.114. 40 

Such claw opening/dosing operation allows the 
daws to be engaged with or removed from the related 
concave portions 54a, 54b of the cartridge 54. In addi- 
tion to the operation to open or dose the daws, opera- 
tion of the pick-up means lOOtobeunitarilyslidonthe 45 
guide rod 104 allows cartridges 54 to be slid in and out 
between the storing shelf 52 and the buffer 102, or 
between the buffer 102 and the scanner 16. 


Structure of Buffer 


50 


The buffer 102 will be descrfoed below. As Shown in 
Rgs. 11 and 12. the buffer 102 has capacity to store two 
cartridges 54 vertically and in parallel to the sliding 
direction of the pick-up means 100. Three guide rdlers 55 
156 are attached to the underside of the buffer 102. The 
guide rollers 156 rotate touching gukJe rails 154, which 
are fixed to the casing of the carrier 62 horizontally and 
perpendicularly to the sliding directfon of the pick-up 


means 100. Further, a pin 158 is provided near the 
center of the underside of the buffer 102, as shown In 
Rg. 12. Represented by reference number 160 in Rg. 
12 is a bell crank type driving lever, which is supported 
by the casing of the canrier 62 swingingly at a supporting 
point near the center thereof. The driving lever 160 has 
an elongated hde 162 at one end so that a pin 158 can 
be fitted in the hole 162. The other end of the driving 
lever 160 is then coupled through a link 168 to a crank 
pin 166 to be driven by a motor 164. 

When the motor 164 runs in the direction of the 
arrow (clockwise) shown in Rg. 12, the link 168 is 
pushed in the direction of the arrows and the driving 
lever 160 on the elongated hole 162 side is rotated in 
the counter-dockwise cfirection. The buffer 102 is then 
moved to the left side as viewed from the plane in Rg. 
14. Conversely, when the nrwtor 1 64 runs counter-clock- 
wise, the driving lever 160 is rotated dockwise and the 
buffer 102 is nrxjved to the right as viewed from the 
plane in Rg. 13. At this time, the pick-ip means 100 is 
set back from the buffer 102 to the outside (left side in 
Rg. 9) as incficated by the phantom line in Fig. 9. The 
pick-up means 100 is also set back to this phantom 
positfon when the carrier 62 is moved. 

Accordingly a buffer switching means or mecha- 
nism is constituted by the guide rail 154. the gukie roll- 
ers 156, the pin 158, the driving lever 160. the link 168 
and the nrtotor 164. 

The driving lever 160 also indudes an arc shade 
1 70 having a notch 1 72 and horizontally positioned near 
the supporting point. The notch 1 72 of the shade 1 70 is 
then detected by an photosensor 174. so that the posi- 
tion of ttie driving lever 160 can be detected, and hence 
the position of the buffer 102. 

The upper side of the buffer 102 is open so that the 
tower portion of the pick-up means 100 can enter com- 
partments 150. 152. Specif foally. the pick-up means 100 
can enter the right confipartment 150 when the buffer 
102 set on the left side (as shown in Rg. 14), or the 
left compartment 152 when the buffer 102 is set on ttie 
right skJe (as shown in Fig. 13). 

As descrfoed above, the pick-up means 100 is slid 
in eittier of the compartments 150. 152 by engaging the 
lower end of the holder bracket 110 with the groove 108 
on the bottom of each compartment 150, 152 and slid- 
ing thereon. The connection of the holder bracket 110 
with the groove 1 08 prevents lateral swing of the pick-up 
means 100, and this makes it possfole to precisely 
engage or remove the claw members 112. 114 witti or 
from ttie related concave portions 54a. 54b of the car- 
tridge 54. 

Control of Carrier 

Next, a description will be made to control of ele- 
ments incorporated in the earner 62 such as the pick-up 
means 100 and buffer switching mechanism. At first, a 
control mechanism for driving power of the carrier 62 
such as the motors 122, 164 and the sdenoid 142 will 
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be desatbed. The electric power can be supplied by 
using the moving bars 58. 60 as conductors isolated 
from each other. 

In this case, at least one of the guide rollers 72, 74, 
76 and 78 of the canrier 62 is a metallic roller through 
which the electric power can be from the moving bars 
58, 60. The metallic roller may be replaced by contacts 
which slidingly contact the moving bars 58. 60. Further, 
the electric power may be supplied from two conducting 
rails by attaching such conducting rails to one of the 
moving bars 58, 60 so as to be isolated from each other 
and providing contacts in the carrier 62 to slidingly con- 
tact the conducting rails, respectively. 

In atx3ve cases in which the nrwving bars 58, 60 are 
used for supplying the power, the canrier 62 preferably 
has a battery as a back-up power source. This is useful 
for avoiding inconvenience even when the power is 
inten-upted for an instant due to the moventent of the 
moving bars 58, 60. 

Furthemriae, the carrier 62 may have a battery 
enough to drive the canier 62 without using the moving 
bars 58, 60 as conductors for the power source. In this 
case, there is no danger of cutting off the power source. 
The battery is preferably a secondary battery which can 
be charged repeatedly and automatically by connecting 
it to a charge tOTiinal in a predetermined location dur- 
ing the idle time of the carrier 62. 

The power is supplied to the carrier 62 using one of 
such methods, while several control signals are 
exchanged between the carrier 62 and the MCU 20 of 
the scanner 16. Rg. 1 shows an exemplary system for 
sending and receiving such control signals. Rgs. 15 and 
16 show other transmissfon systems, and Rg. 17shows 
an exenrplary configuration of a control circuit in the car- 
rier 62. 

The electric power is supplied, for example, to the 
motor 122 for moving the pick-up means 100 back and 
forth, the electromagnetic solenoid 142 for opening or 
closing the daw members 1 12, 1 14. and the motor 164 
for switching the buffer 102. The control signals include 
several kinds off signals, such as command signals to t)e 
sent to these driving PDeans 122. 142 and 164, and sen- 
sor signals to be sent from the can-ier 62 to the MCU 20. 

Several types of sensors are cited, such as a front- 
limit sensor 200 for the holder bracket (see Rg. 17) 
which delects a fonA^ limit position of the holder 
bracket 110 in the pick-up means 100, a rear-limit sen- 
sor 202 for the hoWer bracket which detects a backward 
limit position of the holder bracket 1 10, a cartridge pres- 
ence sensor 204 for determining whether there is a car- 
tridge 54 in the fonvard direction of the pk;k-up means 
1 00, arxl a cartridge holding confirmation sensor 206 for 
determining whether the cartridge 54 is heW between 
the claw members 112, 114. 

Such control signals are exchanged between the 
carrier 62 and the MCU 20 using wired or wireless serial 
communication. Rg. 1 shows an example of wireless 
communication. In Rg. 1, reference number 210 i& an 
antenna for the canier 62 and 212 is an antenna tor the 


scanner 16. 

The serial communication used herein is an infor- 
mation transmission technique for serially transmitling 
all bits of binary information on a single transmission 
5 line, which is often compared with parallel communica- 
tion. Since multiple information is transmitted serially as 
binary information, when using wiring cords, the serial 
communication theoretically requires a minimum of two 
cords, but actually three signal lines including an earth 
10 line. 

The use of the serial communication, of course, 
requires transmission means and reception means for 
ttie MCU 20 and the can^ier 62. respectively. The trans- 
mission means converts ttie control signals into binary 
IS signals for serial transmissfon, while the reception 
means arranges ttie received serial signals in parallel 
and converts ttiem into multivalued (analog) signals. In 
ttiis example, since a wireless system is used for ttie 
serial communication, it is also necessary to provide 
20 wireless transmitter and receiver. The wireless system 
may be FM or AM type. 

Rg. 17 shows an exemplary control circuit of the 
carrier 62. in which reference number 214 is a wireless 
driver which is used as a wireless transmitler/ireceiver. 
2S Reference number 216 is a serial/|E>arallel converter 
which divides received serial signals into respective 
types of control signals for conversion into parallel sig- 
nals. The converter 216 is connected ttirough a bus218 
toaCPU 220, a memory 222 and an I/O port 224. The 
30 I/O port 224 ttien connected to a mechanical cfriver 
226. 

Reference numeral 228 is a power supply circuit 
built into ttie carrier 62. which is connected to ttie mov- 
ing bars 58, 60. respectively, one of ttie moving bare 
35 used as a power source and the ottier used as ttie eartti 
line, for collecting electric current and producing a con- 
stant voltage using a constant voltage drcuit. Reference 
number 230 is a battery used as a back-up power 
source which is provided for supplying a constant voll- 
40 age continuously even when collection off ttie electric 
current is temporarily intenrupted. 

The CPU 220 detects ttie operating status of ttie 
system from outputs of respective sensors 200, 202. 
204 and 206 and determines ttie next operation in 
45 accordance witti an operation command input ttirough 
ttie wireless communication from ttie MCU 20 of ttie 
scanner 16. The result of ttie detemriination is output 
ttirough ttie I/O port 224 to ttie mechanical driver 226 
which supplies the driving power to respective driving 
50 elements such as ttie motors 164, 122 and ttie solenoid 
142. 

Rg. 15 shows another type of serial communication 
of wired type using electric wiring 250. In Rg. 15, refer- 
ence numeral 252 is a connector mounted near ttie 
55 center of ttie low^ portion of ttie sh^es 52. The lower 
end of ttie wiring 250 is connected to ttie connector 252; 
ttie upper end of wiring 250 is connected to ttie can-ier 
62. The wiring 250 used herein consists off two or ttiree 
wiring cords relatively ttiin and light, so ttiat ttie canier 
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62 can move at a high speed without obstruction. 

Fig. 16 shows exemplary optical communication, in 
which the reference numeral 260 is a light emit- 
ting/receiving unit attached to the carrier 62, the refer- 
ence numeral 262 is another light emitting/i^eceiving unit s 
attached to one end of the moving bar 58. These light 
emitting/ireceiving units 260, 262 exchange serial sig- 
nals therebetween by outputting beams of infrared light 
in parallel to the nrwing bar 58. The light emit- 
ting/ireceiving unit 262 of the moving bar 58 is con- io 
nected through wiring 268 to a connector 266 provided 
on the shelves 52 side. The connector 266 is then con- 
nected to the MCU 20 of the scanner 16. 

The light emitting/ireceiving unit may be directly 
attached to the scanner 16. In this case, however, the 75 
serial communication must be maintained securely 
throughout the rnovMe range or travelling area of the 
earner 62. To secure the serial communication, several 
measures should be taken, such as to adequately 
broaden the emitting range of the infrared light or to ^ 
change light emitting/receiving directions of the light 
emitfingAecerving units according to the movement of 
the carrier 62. Optical communication may be also 
applied to the connection between the light emit- 
tingfreceiving unit 262 and the connector 266 (for the 2S 
scanner 16) instead of the wiring 268. 

Detection of Proiectinff Oartriri^ 

Next a description will be made to operation of 30 
detecting a projecting cartridge. The MCU 20 checks 
whether all the cartridges 54 are stored correctly in the 
sh^es 52. based on power-on operatfon of the power 
source avitch. before a target cartridge is taken out 
from a corresponding shelf 52 and is carried or deliv- 35 
ered to the scanner 1 6. 

For this purpose, the MCU 20 drives the carrier 62 
to travel or be swept in a plane fadng and covering the 
entire front area of the storage shelves 52 at a low 
speed (step 300 in Fig. 18). In other words, the earner 40 
62 travels in the front area of the sheVes 52 at such a 
speed as the carrier 62 wouki never damage even if it 
hits the projecting cartridge 54, for example, at a speed 
of approximately 1/10 (approx. 50 mm/^) of the nor- 
mal, high-speed carrying speed (approx. 600 mnVsec). 45 

As an example, the earner 62 starts traveling 
upwardly from the position opposite to a cartrkige 54 
placed in the lower left hand comer of the storage 
shelves 52. When the carrier reaches the upper end. it 
shifts by a cartrklge's width to the right, then, the canier so 
62 repeals up and down movement. During this opera- 
tion, if a cartrkJge 54 projects from the shelf 52, the car- 
rier 62 will come into contact with the cartridge 54 to 
slop (step 302 in Rg. 18). As a result, the load on the 
nrxrtor 68 or 70 for moving the carrier 62 rapkJIy 55 
increases. The rapkl inaease in foad can be detected 
from an inaease of the cun-ent ftowing through the 
nrxjtor 68 or 70. Altematively, an encoder for detecting 
the number of revolutions of the motors 68, 70 may be 


used to detect the inaease in load from the fact that the 
encoder keeps its output unchanged. 

When detecting a projecting or protruding cartridge 
54, the MCU 20 sends a warning signal to the host com- 
puter 10. Then, the host conrputer 10 activates a warn- 
ing device 10A (Rg. 2) to notify the operator that a 
cartridge 54 projects from the sheH 52 (step 304 in Rg. 
18). 

After oKTving the carrier 62 in entire front area of the 
storage shelves at the low speed, if no projecting car- 
tridge 54 is detected (step 306 in Rg. 18). the carrier 62 
initiates original carrying operation (step 308). In the 
carrying operation, the carrier 62 travels at the high 
speed to carry a target cartridge 54 to the scanner 16 
and to carry back the cartrklge 54 to the original posi- 
tion of the shelves 52 (step 310) after an image or 
images recorded on the film in the cartridge 54 have 
been retries^ed. 

Carrying Ooeration of Carrier 

The carrying operation will be described below. At 
first, the MCU 20 actuates the cannier 62 to move at the 
high speed to the front of a cartridge 54 to be selected 
from one of the shelves 52. At this time, the buffer 102 
may be set on the left hand position or the right hand 
position. The pick-up means 1 10 is set back from the 
buffer 102. 

When the earner 62 reaches the position where the 
target cartridge 54 is focated, the MCU 20 sends control 
signals through a serial comnruinication network and 
instructs the canrier 62 to execute several operation. 
The MCU 20 first moves forward the pick-up nr>eans 100 
through one of the compartments, ag.. the oorrpart- 
ment 150 to engage its claw members 112, 114 with the 
cartridge 54 stored in the shelves 52. At this time, the 
daw members 1 12, 1 14 may l>e temporarily opened by 
changing the electromagnetic solenoki 142 to t}e non- 
excited stale, or by pressing the claws to the cartridge 
54. 

The electromagnetic solenoki 142 is then excited to 
dose the daw members 112, 114 and irxsves backward 
the pick-up means 100 so that the cartridge 54 will be 
put in the compartment 150. After that the MCU 20 
moves, at the high speed, the carrier62 tothefrontof a 
cartridge loading port 16a of the scanner 16. and irwes 
forward the pick-up means 100 to push out the cartridge 
54 stored within the compartment 150 into the cartridge 
loading port 16a. The electromagnetic solenoid 142 is 
made non-exerted again to open the claws and moves 
backward the pick-up means 1 00. 

The scanner 16 executes predetermined process- 
ings such as retrieval of the loaded cartrklge 54 and 
reading of an image or images. During the series of 
processings, the carrier 62 moves to a position where 
the next or second cartrkJge 54 is located and sIkJes the 
cartrklge 54 into one of the compartments, e.g., the 
compartment 150. When the second cartridge 54 is 
taken out and slid in the compartment 150, the pick-up 
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means 100 opens Hs daws to release the cartridge 54 
therefrom. After that, only the pick-ip means 1 00 moves 
further backward to exit the buffer 1 02. 

In this condition, the carrier 62 retums to the posi- 
tion facing to the cartridge loading port 1 6a of the scan- s 
ner 16. During this operation, the buffer 102 is slid to the 
opposite side by the motor 1 64. In the embodiment, the 
buffer 102 moves to the right side to shift the empty 
compartment 1 52 to the front of the pick-up means 1 00. 
After the scanner 16 finishes processing the cartridge io 
54. the pick-up means 100 moves forward through the 
empty compartment 152 to pull out the processed car- 
tridge 54 from the cartridge loading port 16a into the 
compartment 152. After that, the pick-up means 100 
releases the cartridge 54 from the daw members 112, is 
114. mcves further backward and exits the buffer 102. 

When the pick-up means 100 sets back from the 
buffer 102, the buffer 102 is slid again to the opposite 
side to shift the compartment 150, in which the next or 
second cartridge is stored, to the front of the pick-up 20 
means 100. The pick-ip means 100 then moves for- 
ward into the corrpartment 150 to push out the second 
carfrklge 54 into the cartridge toading port 16a white 
hoUing it between the daw merTi>efs 112, 114. After 
the pick-up means 1 00 is set bacK the carrier retums to 2s 
carry back the processes cartridge 54, which is cur- 
rently stored in the compartment 152. to a position of 
the shelves 52 to which the processed cartrkige shouki 
be returned, at high speed. During the earner r^ms. 
the buffer 102 is switched to shift the compartment 1 52 30 
to the front of the pk;k-ip means 100. 

As descried the above, while one cartndge 54 is 
being processed by the scanner 1 6. the other (next) car- 
tridge 54 is put in the carrier 62 and placed into posrtton 
near the scanner 16. After end of processings in the 3S 
scanner 16, the processed cartridge 54 is slid in the 
empty compartment 150 or 152 within the carrier 62, 
and the bufter 102 is then switched to supply the next 
cartrkige 54 immedately to the scanner 1 6. This makes 
it possble to speed up the exchange of the cartridges 40 
54 between the carrier 62 and the scanner 16. 

ft shoukJ be noted that the stroke driving means 
(induding the endless bett 120. the pulleys 116. 118 
and the motor 122) and the daw opening/dosing drive 
means (induding the electromagnetic sdenoid 1 42) are 45 
mounted on the casing SkJe of the cam'er 62. For this 
reason, the nxsvable portkm which moves back and 
forth together with the hoMer bracket 1 1 0 and the daw 
members 1 12, 1 14 can be made lighter in weight. There 
is also no need to connect an electric wiring cord or so 
cords to the movable portion. 

Although no electrk; wiring is required for the mova- 
ble portion (i.e., for the pick-up means 100), iff a sensor 
is provided near the daw members 1 12, 1 14 for detect- 
ing that the cartrkige 54 is heW or released from the ss 
daws, the wiring cord will need to be connected to the 
nwvable portion. Even in this case, the wiring cord can 
be made thin and light enough, whkrfi is different from 
that used to drive the motor or plunger. 


It is therefore possible to speed up a stroke (back 
and forth movement) of the hokJer bracket 1 1 0. Further, 
no wiring cord needs to be connected to the hokier 
bracket 1 1 0 or the wiring cord can be made thinner and 
lighter, so that the possibility of broken wire can be elim- 
inated or remarkably reduced. 

FurtheriTwre, since the exchange of the contrd sig- 
nals between the earner 62 and the MCU 20 is made 
through a serial convnunication network, the cam'er 62 
and the MCU 20 can be connected by wiring 250 light- 
ened in weight (Rg. 15). If the serial communication 
used herein is wireless type (Rg. 1) or optical type (Fig. 
16), such wiring does not need to be provkied between 
the canrier 62 and the MCU 20. This alfows the canrier 
62 to move at a higher speed. As shown in Fig. 15, 
although the wiring 250 is used to supply electrk; power 
from the nrx>ving bars, an indivkiual power-source line 
may be unitarily connected to the wiring 250. 

Other Embodiments 

In the above embodiments, a distance between the 
carrier 62 and the miaofDm cartridges 54 stored in the 
shelves 52 is very narrow, typically 5 mm or so. It is 
therefore convenient to push back the projecting car- 
tridge 54 into the normal position using the carrier 62 
when the projecting amount of the carfrkJge 54 is small 
enough. 

Fg. 19 is a perspective view showing a push plate 
400 which is used to push back the cartridge 54. The 
push plate 400 is attached to the front skie of the carrier 
62, i.e., it is attached to the skJe fadng to the cartrkfge 
54, with the outer edge inclined to be shaped into a form 
like a rectangular dish. The push plate 400. of course, 
has a window 402 through which the cartridge 54 
passes together with the daw members 112, 114. The 
push plate 400 is also shown in Rgs. 3 and 5 with phan- 
tom lines. 

If the projecting amount of the cartrkJge 54 is small 
enough, the carrier 62 with the push plate 400 attached 
will be moved to push back the projecting cartridge 54 
into the shelf 52 while applying the indined edge of the 
push plate 400 to the cartridge 54. This makes rt possi- 
l)le to enter into the carrying operation without warning 
or intenriptfon when the projecting amount of the car- 
tridge 54 is small enough, and hence to speed up the 
processing. 

Rg. 20 is a front skie view of shelves 52A showing 
still another errtxxliment of the present invention. In the 
upper portion of the shelves 52A, a reflector 404 is 
anranged horizontally to project slightly fonward (toward 
the carrier 62A) from the front face of the cartridge 54. 
The earner 62A is, on the other hand, provkied with a 
light-emifting element 408 for emitting a light beam 406 
upwardly and in the substantially vertfoal direction, and 
a sensor 410 for detecting reflected light 406A of the 
light beam 406 reflected by the reflector 404. 

The carrier 62A starts moving horizontally across 
the lowest portion of the shelves 52A with the power -on 
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of the power-source switch. During this time, the light- 
emitting elenrtent 408 emits the light t>eam 406 upwardly 
and the sensor 410 senses the light beam 406A 
reflected by the reflector 404. If a projecting cartridge 54 
enters the path of the light beam 406, the light beam 5 
incident on the sensa 410 is intenrif)ted and therefore 
the projecting cartridge 54 can t>e sensed. 

Although the above embodiments described carry- 
ing systems for carrying microfilm cartridges, the 
present invention is not limited by such a type of mate- 
rial or item and may be applied to other shelves for stor- 
ing other type of material such as videotape cassette, 
video disk or corrpact disk. Further, the buffer may be 
either slid up and down or rotated depending on the 
shape of the shelves. 

As described abcve, according to the present 
invention, the carrier is provided with the hoMer bracket 
movable t>ack and forth, in which the daw members is 
held to be engaged with or removed from a material, 
and the stroke driving means for vncmnQ the hoMer 
bracket back and forth and the daw opening/dosing 
drive means for opening or dosing the daws are 
attached to the casing of the canier. For this reason, the 
movable portion (i.e.. the pick-ip means) whk^ nrxives 
together with the holder bracket can be made lighter in 
weight Further, the electric wiring cord to t>e connected 
to the movable portion can be eliminated or made thin 
and light enough. This allows the movable portion {pkk- 
up means) to move at a high speed. 

The stroke driving means, for example, consists of 
an erxiless t)elt attached to the casing of the carrier, and 
an electric motor for driving the belt In ths case, the 
belt is stretched in parallel to the guide rails and coupled 
to the hokier bracket The hoteler bracket has upper arxi 
lower ends, the upper erxi held by the guide rail arxJ the 3S 
lower end engaged with the guide groove on the kx>ttom 
of the compartment With this constructbn. lateral 
swing of the hdder bracket can t>e prevented and this 
allows the daw members to catch and release the 
material precisely. 40 

The buffer can indude a plurality of the compart- 
ments to be changed from one to another by switching 
the buffer, thus improving the effk:iency of carrying the 
nriaterials. 

In the carrying device and method according to the 45 
present invention, the carrier is held at the intersectkm 
of a pair of moving bars which rrwves in parallel, respec- 
tively, with maintaining angles ( preferat)ly right angles) 
to each other, and rrmed to a target positkm by rrraving 
both the nrxyving bars. Accordingly, the nrx>tor for driving so 
the moving bars needs to be provided on the shelves 
side, but the vMot for driving the carrier can be elimi- 
nated from the canrier skJe. so that the nxvable portbn 
which moves together with the carrier can be made 
lighter in weight, thereby carrying out a compactimiza- ss 
tion of the motor. 

Further, since the exchange of the control signals 
t>etween the carrier and the carrying controller (e.g., 
MCU) is made by ftre serial communrcation, tlie wiring 


therebetween can be made lighter in weight. If the con- 
trol signals are transmitted by wireless (radio) or optical 
communication, no wiring may be required. Since such 
types of communicatbn systems further reduce resist- 
ance to the nrwement of the carrier, they are nwe suit- 
able for high-speed movement of the carrier. 

Although the driving power for the carrier is sup- 
plied from the nrx)ving bars, a battery can be built in the 
carrier. In this case, no wiring is required between the 
earner and the controller except for the serial comntuni- 
cation of the control signals. It is therefore possil>le to 
lighten the wiring therebetween, or to eliminate even the 
wiring of serial communication if the control signals are 
transmitted with a wireless (radio) or optical communi- 
cation system. Such types of communication systems 
are more suitable for high-speed movenDent of the car- 
rier. 

Furthermore, according to the control method for 
the carrying devk;e of the present invention, bdbre car- 
rying operation of carrying the material, it is confirmed 
that no material projects from the shelves, and if there is 
a projecting material, a warning is given to the operator 
to discontinue the folkswing carrying operation arxj to 
return the projecting material to the con-ect position, so 
that the possibility of damage to the earner or the mate- 
rial can be eliminated. 

For example, the projecting material is detected by 
moving the carrier at a low speed so as to touch the pro- 
jecting material. Such detectk>n can be implemented by 
a computer using only software elements without add- 
ing spedal parts, so that the mechanical assembly can 
be sirrplrfied. 

Alternatively, a light beam may be used to detect 
the projecting material by emitting the tight beam across 
the front of the shelves in the vertical or lateral direction 
so as to enter the path of the light t>eam if the material 
projects from the shelves. 

Claims 

1. A can-ying device having a canier which pulls out 
and candies a target material from one of shelves to 
a target position, the shelves storing a plurality of 
materials, and whk:h cam'es l>ack the target mate- 
rial from tile target position to the shelf, said carrier 
comprising: 

(a) a guide rod fixed to a casing of said carrier 
in parallel to a direction to slide said target 
material in and out; 

(b) prck-up means induding. 

(1) a hoMer bracket slidably heM t>y said 
guide rod, 

(2) a gripper having daw members for 
grasping the target material by opening 
and dosing the daw members, said grip- 
per means being held by said hokier 
bracket and 


15 


20 


25 


11 


21 


EP0 768657A1 


22 


(3) a push member one end of which is 
held by said holder bracket, said push 
member being nrxivable to push said grip- 
per so that said claw merTt>ers can be 
opened to engage the target material or 5 
closed to remove the target material; 

(c) a rail member provided in the casing of said 
carrier in parallel to said guide rod and horizon- 
tally movable in a direction nonparallel to that of 10 
said guide rod. on which one end of said push 
member is slid and pushed to open or dose 
said daw members as the rail nrtember moves; 

(d) stroke driving means attached to the casing 

of said carrier for moving said holder bracket is 
over said guide rod; and 

(e) claw opening/dosing drive means attached 
to the casing of said carrier for moving said rail 
member horizontally in a drection nonparallel 

to that of said guide rod to open or dose said 20 
daw members. 

The device according to daim 1, wherein said 
stroke driving means includes 

25 

an endless belt stretched in parallel to said 
guide rod and coupled to said hoMer bracket 
and 

a motor for rotating one of pull^ around which 
the endless t>elt is wound. 30 

The device according to daim 1 , 

wherein said carrier further comprising at 
least one coirpartment for temporarily storing said 
target material, with a guide groove formed on the 35 
bottom of the compartment in parallel to said guide 
rod. 

said guide rod is arranged in the upper portk>n 
within the casing of said carrier, and 4o 
said holder bracket has upper and lower ends, 
with the upper end hekj slidably on said guide 
rod and the kiwer end engagedly put in said 
guide groove. 

45 

The device according to daim 1. wherein said car- 
rier further comprising: 

a buffer having a plurality of compartments for 
temporarily storing said materials, the compart- so 
ments arranged in parallel to a cfirection to 
intersect perpendicularly to tfie direction to 
slide materials in and out so that the compart- 
ments can be moved in the arranged direction; 
buffer switching mearis provided in the casing ss 
of said carrier for moving said buffer in the 
direction to arrange the compartments arxJ 
switching from one compartment to another 
where said pick-up means slides said material 


in and out. and 

said carrying device further comprising 
a controller for switching said buffer in ttie con- 
dition that said hoMer bracket exits the com- 
partment of said buffer. 

5. The device according to daim 4, wherein 

a guide ^oove is formed on the txrttom of each 
compartment in parallel to said guide rod; 
said guide rod is arranged in the upper portion 
within the casing of said carrier; and 
said holder bradtet has upper and lower ends, 
witti the upper end held slidably on said guide 
rod and tiie lower end engagedly put in said 
guide groove when said holder bracket enters 
the compartment. 

6. A carrying method of sliding a target material in and 
out from one of shelves which stores a plurality of 
materials arranged on a plane, wherein: 

a carrier is hekJ near the intersection of a pair 
of moving bars movable in directions, respec- 
tively, parallel to sakj plane, so that said earner 
is movable along the moving t>ars in respective 
directions parallel to both moving bars to a tar- 
get position by monitoring each moving amount 
of the moving bars; arxi 
pick-up means is provided in said canrier for 
sliding sakJ materials in and out with control 
signals for the pick-up means transmitted by 
serial communication. 

7. The canying method according to daim 6, wherein 
the power for said pk:k-up means is supplied from 
said moving bars. 

8. The canying method according to claim 6, wherein 
the power for said pick-up means is supplied from a 
battery built in said earner. 

9- The carrying method according to daim 6, wherein 
ttie serial communk:ation is carried out with a wired 
system i^ng electric wiring. 

ia The carrying method according to claim 6, wherein 
the serial communication is carried out witti a wire- 
less system. 

1 1. The carrying method according to daim 6, wherein 
the serial communk^ation is carried out witii an opti- 
cal communication system. 

1 2. A carrying devfce for sliding a target material in and 
out from one of shelves which stores a plurality of 
materials arranged on a plane, comprising: 

(a) a pair of moving bars nonparallel to each 
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Other and movable in directions, respectively, in 
parallel to said plane, with maintaining constant 
angles to each other; 

(b) bar driving means for moving both the mov- 
ing bars; s 

(c) a carrier positioned near the intersection of 
both nfK)ving bars and movable along the vnov- 
ing bars in respective directions parallel to both 
moving bars; 

(d) pick-up means provided in said carrier lor 10 
sliding said materials In and out; and 

(e) a controller provided separately from said 
carrier and Ibr producing an instruction to allow 
said carrier to move to a target position while 
monitoring each moving anxxint of the moving is 
bars, said controller exchanging control signals 
with said carrier using serial communication, 

the control signals instructing said pick-up 
means to slide said materials in and out 

20 

13. Ttie device according to daim 12, wherein the 
power of said pick-up means is supplied from said 
moving bars. 

14. The device according to daim 12, wherein said car- 25 
rier indudes a battery used as a power source for 
said pick-up means. 

15. The device according to daim 12, wherein the 
serial communication between said controller and 30 
said carrier is cam'ed out with a wired system using 
electric wiring. 

16. The device according to daim 12. the serial com- 
munication k>etween said controller arxl said carrier 35 
is carried out with a wireless system. 

17. The device according to daim 12, the serial conr>- 
munication between said controller and said carrier 

is candied out with an opttoal communication sys- 40 
tem. 

18. A control method for a carrying device having a car- 
rier which HTKives dosety and opposite to shelves to 
slide a target material in and out from the shelves, 45 
the shelves storing a plurality of materials anar>ged 

in a vertical plane, wherein 

before carrying operation of carrying the mate- 
rials, it is confirmed that no material projects so 
from the shelves, and if all the materials is rx)t 
stored correctiy in the shelves, a waming is 
given to discontinue the carrying operation. 

19. The control method according to daim 18, wherein ss 
said cannier is moved in the entire front area of the 
shelves at a kiwer speed than that in the carrying 
operation to detect the projecting material when 
said carrier contacts the material. 


20. The contrd method according to claim 18, wherein 
the contad of said earner with the material is 
detected from an increased load on said carrier 
continuously traveling. 

21. The conb-d method according to daim 18, wherein 
a light beam is emitted across the front of the 
shelves in all the storage areas to detect the pro- 
jecting material when the material enters the path 
of the light beam. 
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